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Abstract
One of the two parallel beam lines of the CTF II, (the ‘Drive Beam’) is providing the other (the
accelerator) with 30 GHz power. Experimentation was performed in 98 and later with a CTF layout to
study acceleration of a train of bunches with beam loading compensation, bunch length compression
and 30 GHz conversion of the Drive Beam power [1]. This conversion is limited by the difficulty of
transmitting the beam through the structures extracting the beam power (CTS). A large transverse wake
loss factor is associated with the necessary high longitudinal wake loss factor in CTS. Therefore the
limitation of transmission should come mainly from transverse wakes in CTS. Dynamics in HCS and in
the bunch compression device was studied with codes GPT [2] and PARMELA [3], [4] using beam
parameters input derived from calculations of the beam in the RF gun with code MAFIA. Code WAKE
is used to verify that the influence of the wake-fields in HCS is small, to follow the beam along the 4
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Abstract
One of the two parallel beam lines of the CTF II, (the ‘Drive Beam’) is providing the other (the
accelerator) with 30 GHz power. Experimentation was performed in 98 and later with a CTF layout to
study acceleration of a train of bunches with beam loading compensation, bunch length compression
and 30 GHz conversion of the Drive Beam power [1]. This conversion is limited by the difficulty of
transmitting the beam through the structures extracting the beam power (CTS). A large transverse wake
loss factor is associated with the necessary high longitudinal wake loss factor in CTS. Therefore the
limitation of transmission should come mainly from transverse wakes in CTS. Dynamics in HCS and in
the bunch compression device was studied with codes GPT [2] and PARMELA [3], [4] using beam
parameters input derived from calculations of the beam in the RF gun with code MAFIA. Code WAKE
is used to verify that the influence of the wake-fields in HCS is small, to follow the beam along the 4
CTS of the drive linac, and to give results for the transmission, which can be compared with the
experimental ones.
I. Short Description of the Drive Beam line and of the code WAKE
A train of up to 640 nC in 48 bunches at 45 MeV, with 0.65 mm rms length, and 0.1 m separation looses
part of its energy in exciting RF fields in the CTS structures. At the RF gun exit, the beam energy is
about 6 MeV. Beam is focussed by 2 solenoids and accelerated in 2 structures (HCS) with a difference
in frequencies and an arrangement of phases such that the beam loading between the bunches is reduced
to 5% total amplitude, with 1% intra bunch amplitude at the final energy of 45 MeV [1]. After
acceleration, the bunches are focussed with 2 triplets and compressed with a system of 3 bends. Then 2
triplets lead the beam to the group of 4 CTS structures ringing at 30 GHz, with a design fully adapted to
the extraction of the beam power, and to the damping of the transverse wake-field [5]. Additional 3
triplets focus the beam in between the structures. Layout is sketched in Fig.1 up to the final Wall
Current Monitor.
Fig 1: CTF II Layout: HCS and CTS Structures, Focusing with Triplets
3I.1 Beam characteristics
Beam input parameters for code WAKE are extracted from the results obtained by M. Chanudet [4]. In
this work, modeling of the CTF II line from the gun exit to the entry of the first CTS structure, was done
with PARMELA, for bunches 1, 24 and 48 in the presence of space charge forces, but without
transverse wake-fields. Data were taken from these simulations either at the entrance of HCS1 to check
the effects of the wake-field, or at the exit of the bunch compressor, to study the dynamics in the 4 CTS
structures.
Bunch charges of 8, 10, 13.5 nC are representative of the experiences with 48 bunches.
Longitudinal Beam   at HCS1 Structure entry   at compressor exit
Bunch Spacing           (m) 0.1 0.1
 V  Bunch length      (mm) 1.0 0.65
EJ at entry  14 to 12, linear with bunch
number
From 81.1 to 86.7, parabola
with inverse sag
Intra-slice  V dE/E 10-2
Initial charge /bunch  (nC) 10 8,  10,   13.5
x rms. emittance     (mrad) 4.7 10-6            (bunch 24) 0.8 10-6        (bunch 24)
I.2 Code WAKE
Macro-particle code WAKE tracks the particles of 48 bunches of the beam through the HCS structures
up to the compressor (but neglecting the action of the space charge), and from the exit of the compressor
to the end of the power transfer structures.
Each bunch is divided into slices to care for the distribution of the charge (gaussian, truncated at 3 V),
and for the phase with the fields, each slice into sub-slices to care for the energy spread within a slice.
The macro-particles of the sub-slices of all bunches are tracked sequentially at a succession of z
intervals along the beam. The longitudinal and the transverse wake-fields are piled up at these points,
and then the action of fields on the particle passing by the position is calculated.
I.2.1 Role of the group velocity
The code takes into account the effect of a group velocity different from c, for longitudinally
rigid beams of particles travelling at speed of light. It is written for calculations for CLIC drive linac (6).
On Fig.2, a particle N, at distance z from the structure entry, is in the field generated by the
interaction with the cavity of a ‘leading’ particle M in front of it. The power of this interaction is
evacuated forward at speed vg. In reality, because of the propagation, the field at N results from the
interaction of M with the cavity when M was at M’.
Fig.2 Role of group velocity
4N and L bound positions of possible leading particles M. The farther position L depends also on the
position of N. The domain NL of the leading particles varies with distance z, so does the number of
particles in this domain and the resultant of the fields on N. The distance NM is fixed. The total path
length of N in the field of the leading particle M is the distance l of N to the end of the cavity when M’
is at entry (as indicated on Fig.2). This path length is different for each leading particle M.
The other variation of the wake-field with z is due to the damping. For the transverse wake-
field, damping is carefully provided with the cavity geometry design [5].
I.2.2 External source field representation
The field used in PARMELA was calculated [4] with HFSS, and the results presented for a
particle on the crest. Here it is approximated linearly by a succession of segments. A description with 2
segments for each cell and coupler seems convenient. Phases for the successive bunches arriving in this
field are given, so also the phases of all macro-particles because the beam is rigid.
On Fig.3 are represented the field Ez, in HCS1 with arbitrary scale, and a trajectory entering at x=10mm
with 0 slope in the plane defined by its momentum and the structure axis.
Fig.3 Ez field and trajectory along HCS1
I.2.3 Radial Fields linked to the variation of the longitudinal fields.
The electric flux conservation may be written as:
Er ! - (r / 2)  wEz /wz
A radial field is associated with any variation of the longitudinal field. An example is the field in the
HCS due to an external source. Its effect and the damping of the oscillations by the energy rise are
represented on Fig.3. The field amplitude starts from 0 in the input coupler. The ripple on the trajectory
is due to the change of slope of Ez in the cells, with a succession of converging and diverging effects.
An error of the alignment displaces the trajectories because of the radial field, and may change the
transmission, even without wake-fields effects.
I.3 Principle of Calculating the Wake-fields and their Effects
I.3.1 Wake-fields.
We use the expression of the wake-fields for cylindrically symmetric structures, because the correction
accounting for 3 or more fold symmetry due to wave-guides is negligible for the small number of
structures involved. For mode 0, there is no transverse field. In a structure with iris radius a, the
longitudinal field due to unit charge at distance s is:
Ez = 6n (-2) k0,n cos (Zn,0 s / c)
5For mode 1, the longitudinal field is neglected. The transverse one is depending also on
leading particle vector radius rq:
Et  = (1 / a) (c /(Z1,n a)) 6n (-2) k1,n sin(Z1,n s / c) rq
The CTS structures are designed such that the amplitude associated with the frequencies higher than the
fundamental one is very small. Measurement analysis and calculations of the structure [5] verify this.
For HCS, the amplitude of the fundamental frequency gives the significant part of mode 0 and mode 1
wake-field. The other terms are omitted in first approximation.
I.3.2 Damping.
Transverse damping is represented by a factor exp –[Z1 t / (2 Q)], where t is the propagation time t
from M’ to N (Fig 2). Expressed with distance s from M to N, this is:
exp –[Z1 s / (2 Q (c-vg) )]
I.3.3 Dynamics for macro-particles
The basic principles with the role of group velocity were first applied [6] for calculating the
CTF drive beam and the CLIC drive beam [8], but in a different context. Details about code WAKE can
be found in [7]. Here we use 10 slices in a bunch, each slice divided in 5 sub-slices for the energy bins.
With code WAKE, one may follow macro-particle trajectories such as the trajectory xa of the centre of
gravity of each slice. The betatron oscillation xr around these average trajectories give the envelope [9].
The x transverse plane motion in a given slice and energy bin is:
x = xa+xr
 At a position z of a particle N in the structure, the fields due to the interaction with the cavity of the
leading particles M at distance s in front of N are summed up. The limit of the domain of these leading
particles is quoted NL on Fig.2:
s < smax, with smax = z (c-vg) / vg, value depending on z.
On the same Fig.2, particle N’ is represented, at distance ds just behind N. Supposing the wake-field
calculated at N. We examine a short way to calculate the wake-field at N’ when N’ comes to the
position of N because of the progression of the beam.
x  If N is close enough to the head of the beam, segment NL may contain all the particles of the
beam, which are in front of N (Fig.2). When N’ replaces N, the same leading particles M are farther
from N’ than they were from N, and the supplement of distance ds will change all the fields. The
resultant can be updated without recalculating every component. Also, we have to add particle N to the
set of the particles leading N’.
x If N is far from the head of the beam, when N’ replaces N, some of the particles which were
leading N are not leading N’, because they passed the boundary L of the domain (Fig.2). The resultant
of the fields at N’ can be updated from the resultant at N. The contributions of particles beyond L have
to be discarded. On the contrary, N is now leading N’. Therefore, the number of the leading particles
fluctuates, the charge and distances also, then also the resulting wake-field.
For transverse wake-field, the transverse positions of leading particles contribute to the changes in
the sums.
Consequences:
For these reasons, calculation is made at several steps. At each of them, the resulting wake-fields are
calculated for all the slices of the train by the method sketched above. Then, longitudinal and transverse
momenta are calculated and also the transverse positions. The matrix of the travelling wave accelerator
is used for the effect of the longitudinal field on trajectories.
The ‘beam matrix’ which diagonal elements are the squares of the maxima of the ellipse of emittance,
can be calculated at each point by matrix multiplication, giving the envelopes.
6II. Results for the HCS structures
In HCS structures, group velocity is very small. To obtain detailed results in the structure itself, the
length is divided into 15 parts, one for each of the 13 cells, and for input and output couplers. Each part
is considered as an independent structure.
II.1 Cell data for the HCS1 structure:
                              HCS1 Structure
Length (1 of the13 cells)  m 0.045704
Iris radius 0.015
Mode 0 frequency 3.00636 109
Loss Factor (V/C/m) -9.72     1012
Mode 1 frequency 4.12      109
Loss factor (V/C/m) 1 15         1012
Group velocity (vg/c) 0.0037
Number of steps 8
Field at cell entry and at end of
steps  (MV/m)
0.0     18.5  37.0  55.5  72.0  55.5
37.0  18.5  0.0
Phase Bunch1 (deg.) 60
Phase Shift per bunch (deg.) -0.9574
II.2 Longitudinal momenta in HCS
The aim is to provide a beam loading partial cancellation together with acceleration [1]. This is done
thanks to a difference in frequency (3.00636 109 for HCS1, 2.99076 109 for HCS2), and to the phasing
of the applied external source with the bunches according to the variation of energy at input due to beam
loading.
Momentum variation with the bunch index is shown at HCS1 entry and at HCS2 exit, Fig.4. The
variation of momenta along the beam line is shown Fig 5:
Fig 4: Variation of momenta with bunch index at HCS entry and exit
                                                       
1
 Communication of J. Gao (LAL, SERA), and A. Millich (CERN,PS)
7Fig.5 Variation of momenta along the HCS structures
II.3 Partial cancellation of the transverse wake-fields in HCS
In the simulation, the source of the wake-field is an arbitrary shift error of both HCS axis by 0.5 mm in
x and –0.5mm in y. Both beam projections are identical at entry. The effects of the displacements are
symmetric. But, because of the triplet, the x envelope is larger than the y envelope at the compressor
entry.
 Piling up of the transverse wake-field occurs in CTS, because vg << c. However the ratio of the
transverse frequency to the longitudinal one (itself a multiple of the bunch frequency) is ~ 4.12/3.0064.
As noticed by R. Bossart [10], this ratio, close to 4/3, limits the piling up. If positions of centers of the
bunches were the same for all the bunches, the transverse wake-field on bunch n would be:
Et = 6n sin (2 S ft Tb) = 6n sin (2 S n ft / fl)
Or, with u = 2 S ft / fl, , Et = [ cos (u/2) – cos (u (n+1/2)) ] / (2 sin (u/2) )
On Fig.6 left, the actions on bunch 4 of bunches 1 to 3 are represented by the sum of the projections of
vectors 1,2,3 on the y-axis. On Fig.6, right, are plotted the variation of Et as a function of the number m
of bunches in front. Action of bunch 1 and 2 on bunch 3 (m=2) is close to zero. Same conclusion for
m=5, 7, 8; same pattern found by calculation with WAKE for a short drift in HCS1.
Fig. 6: Partial cancellation of the transverse wake-field
 With HCS1 characteristics values of k1, ft and iris a,
(2 k1) [c/(2 S ft a2)]  =2057 10 9 V/C/m for 1 mm transverse displacement.
 With <EJ> =27 in HCS1 and 10 nC/b, field is 20.6 106 V, that is 0.45 mrad for 'x=0.5 mm, L=0.6 m
The variation of the positions of the slice centers with the bunch changes the result, but the
cancellation still holds on average.
8The slopes dx/ds of the centers of the slice trajectories of all bunches are calculated with
WAKE. Fig.7a shows the variation for the first bunch with transverse wake made off and on. Fig.7b
shows the variation with transverse wake on, for bunches 36 and 48. For bunch 36, dx/ds reaches –0.65
mrad at the end of HCS2. However, after the 2 triplets, dx/ds is only 0.2 mrad for all bunches.
Fig 7a: Variation of dx/dz with z in the 2 HCS and up to the compressor: bunch 1, transverse
wake-field off and on
        Fig 7b: Variation of dx/dz with z in the 2 HCS and up to the compressor: bunches 36 and 48,
transverse wake-field on. The 11 slices may be identified for bunch 48
Between the triplet after HCS2, and the one in front of the compressor, the values of dx/ds stay small.
Therefore, trajectories of slice centers do not diverge. They are represented in Fig. 8a for bunch 1, with
transverse wake-field off and on, and Fig.8b for bunches 36 and 48, with transverse wake-field on.
Fig.8a: x transverse trajectories for slices of bunch 1, transverse wake-field on and off
9Fig.8b: x transverse trajectories for slices of bunch 36 & 48, transverse wake on.
The 11 slices have different trajectories. Energy bins of each slice are nearly superposed.
II.4 Envelopes
II.4.1 Envelopes at 2 V
The envelopes show the excursion of the trajectories of the centers of the slices, plus the betatron
motion around them, through the HCS up to the compressor. The energy differences at the exit of the
HCS are suppressed by beam loading compensation, but the energy differences at the entry are
responsible for the variation of the longitudinal position of the waist, and of the beam characteristics at
the entry of the compressor (Fig.9).
Fig 9: Envelopes of all slices of bunch 1 and bunch 48
Fig.10: Overall x envelopes for 48 bunch train with transverse wake-field off and on
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Finally, the overall envelopes without and with the transverse wake-field are shown Fig. 10, up to the
entry of the compressor.
II.4.3 Envelopes at 3.5 V
The clearance towards the vacuum walls is estimated by considering the x and y envelopes for all
bunches, obtained with transverse wake-field on, but at 3.5 V. By the triplet non-symmetric action,
focusing
for the y motion is more favorable than the one for the x motion at HCS2 exit up to the compressor
(Fig.11)
Fig 11: Overall x and y envelopes at 3.5 V for 48 bunches with transverse wake-field on
III Results for the CTS structures:
The transmission is judged by comparing the beam currents after the acceleration and at the end of the
line. A WCM monitor placed at 1.4 m behind CTS4 and linked to it by a tube of 40mm diameter.
In CTS structures, group velocity is 0.53, and the active structure length is L= 0.6 m. With a bunch
separation S = 0.1 m, the number of bunches piling up the wake-fields is at most, (c/vg –1) L / S = 5.
The attenuation provided with the design of the cells highly contributes to the limitation of the
transverse wake-field.
 Structure 4 is different from the others; its length is 0.4 m and there is no attenuation.
III.1 Characteristics of CTS 1,2 and 3 structures:
                        CTS Structures
Length                  (m) 0.6  (0.4 for CTS4)
Iris radius              (m) 0.0075
Mode 0 frequency 2.99792 109
L impedance R’/Q (:/m) 546
Mode 1 frequency as for the longitudinal
Loss factor              (V/C/m) 353          1012
Group velocity        (vg/c) 0.53
Q (for  attenuation) 100  (3000 for CTS 4)
Number of steps 5
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III.2 Longitudinal momenta through CTS
Fig. 12 represents the momentum fall along the drive linac for a train of 48 bunches with
8nC and 10 nC/b, supposing 100% transmission.
Fig.12, 48 bunches beam momentum loss through 4 structures for 8 and 10 nC per bunch
III.3 Focusing after the compressor, up to the end of CTF II
Method: The focusing is established for transverse wake-fields off.
The forces of all the quadrupoles in front of the structures CTS were first optimized with code
PARMELA, in order to have a waist of both x and y envelopes at the entry of first CTS [4].
The focusing after the compressor is reviewed as follows:
x The 2 currents common for central and side quadrupoles of the 3 symmetric triplets between
CTS are set for the particle with the lower energy [11].
x The 6 currents in the 2 triplets in front of CTS are found for matching beam parameters with
the Twiss periodic parameters of the lattice at the entry of the second CTS. The matching facilities of
code TRANSPORT have been used for this purpose.
 Data for the beam at the entry of the first triplet after the compressor are interpolated from the
results PARMELA gave for bunch 1, 24 and 48 [4] for the average value of 10 nC.
Results
 The results of this fitting are shown on Fig.13 for x and for y projections. The overall envelope pattern
presents some regularity between the cells, in spite of the energy dispersion between bunches at entry
and the imposed geometry and power supply system. The pattern is more regular for y than it is for x.
 The maximum for the y envelope occurs at the triplets between the structures, where the allowed radius
is much higher than the one at the structure. Similar pattern could not be obtained for x envelopes.
The envelopes are considered at 2 V. The outer particle is designated by 3 code numbers, one for the
index of the bunch (1 to 48), the second for the index of the slice (among 10 slices), the third for the
index of the energy bin (among a total of 5 bins).
Conventions:
The code for the bunches is made of the set of digits from 1 to 9, then 0, then the alphabet (lower case)
then the alphabet (upper case), as given on top of the plots.
The quadrupoles are indicated by the usual representation on the upper limit of the plots.
The symbols for the aperture of structures are thin lines at 7.5 mm, but displaced by 0.5 mm.
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‘Active’ and ‘passive’ structures
In the experiments, some of the structures were made ‘passive’ by inserting of a thin metallic tube
suppressing the interaction between structure and beam. In the graphs, this is shown by the suppression
of the symbolic representation of the structure.
Fig.13: x envelops from compressor to CTF end, transverse wake-field off, full train
Fig.13b: y envelope from compressor to CTF end, transverse wake-field off, full train
In spite of the transverse displacement by 0.5 mm of the structures, the beam stays symmetric. The
results obtained when suppressing also the longitudinal wake-field, are not shown here, but very similar.
Fig.13c is for the first bunch only. The 5 envelopes are for the 5 energy bins.
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Fig.13c: x envelope from compressor to CTF end, bunch 1, and transverse wake off
III.4 Transmission of a charge of 8 nC per bunch.
All structure ‘ active’, and transverse wake-field ‘on’.
The envelope for the x motion exceeds the aperture of CTS4 (Fig.14a).
The overall envelope for the y motion is well focused in the iris of the 4 structures, a shown Fig.14b.
Fig 14.a: Overall x envelope (full train) for 8nC per bunch
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Fig.14b: Overall y envelope for 8nC per bunch (full train)
The x envelopes for the 10 slices and the 5 bins of the energy distribution are represented for the first
bunch in Fig. 15a. One can read which slice is close to the structure wall: it is the slice number 10, the
last bunch slice. With the longitudinal gaussian distribution in 10 slices, truncated at 3 V, slices number
1 and 10 hold a small charge.
Fig.15a: Envelopes for 8nC per bunch, first bunch
Fig. 15b shows the interception of the envelopes for slice 10 of bunch 4.by CTS4. The maximum loss is
obtained with this bunch.
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Fig.15b: Envelopes for 8nC per bunch, bunch 4
Considering again the overall envelope for 48 bunches represented in Fig.14a, slice number 1 in bunch
20 and in bunches around 20 is intercepted by CTS 4. Again, the loss is small, because the charge of
slice 1 is small.
III.5 Transmission for a charge of 10 nC per bunch
Fig.16a: Overall x envelope for 10 nC per bunch
16
All structures ‘active’
For 4 ‘active’ structures, the x envelope for all 48 bunches is shown in Fig. 16a. The envelopes for
slices 10, holding a small charge, are intercepted by CTS 3, and slices 1 of bunches with an index close
to 20 are intercepted by CTS 4.
Fig. 16b shows that for bunch 5, the horizontal beam size is approaching the aperture limit of CTS3. All
the envelopes for the different energy bins of slice 10 are intercepted by CTS 3.
Fig.16b: x envelopes for 10 nC per bunch, bunch 5
Fig 16.c: x envelopes for 10 nC per bunch, bunch 24
17
Maximum interception is shown in Fig.16c with the envelopes for bunch 24, again with 4 ‘active’
structures.
The slices 1 and 10 are intercepted by CTS 3 (charge loss is small), but an important part of the beam is
diverging right after CTS 4, and therefore does not reach the WCM monitor.
3 CTS structures ‘active’
If only 3 CTS structures are ‘ active’, slice 10 is intercepted by CTS 3, but most of the beam reaches the
monitor. This is shown in Fig.17, with the overall envelope.
Fig.17: Overall x envelope for 10 nC per bunch, with only the first 3
structures ‘active’.
III.6 Transmission for 13.5 nC per bunch
2 structures ‘active’
The overall envelope with only 2 structures ‘active’ shows the interception of slices 1, 9 and 10 by the
iris of structures 3 and 4, but most of the charge reaches the monitor (Fig.18a).
4 structures ‘active’
With the 4 available structures ‘active’, a significant part of the beam is lost. Thus, the envelopes of
slices 9 and 10 of bunch 24 are intercepted by CTS 3, and the envelopes of slices 1 to 5 are diverging
just after CTS 3, or just after CTS 4. Much of bunch 24 charge is lost before reaching the WCM
monitor. This is shown in Fig 18b.
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Fig.18.a:Overall x envelope for 13.5 nC per bunch, only 2 structures ‘active’
Fig.18b: x envelope for 13.5 nC per bunch, 4 structures ‘active’
19
IV. Remarks about the Layout of CTF II
At the end of the study, we could make a brief comment about the diagnostics and the lattice.
IV.1 Diagnostics
The purpose of CTF II was to demonstrate the possibility of converting high power 3 GHz bunched
beam into 30 GHz RF power. Little space could be left for measurements other than for energy and
overall transmission.
However, it is also worth to verify with precision the elements of theory used in calculating the loading
and the transverse dynamic in a CTS structure. CTS structure is not at all a classical beam element, and
part of the calculations for the CLIC drive beam could be validated.
x The beam average transverse positions could be measured at two points in front and after a
CTS structure to define the positions and the angles. The structure could be shifted transversely by
steps, the beam deviation recorded and compared with calculations.
x With two dipoles placed in front of the structure, one could try aligning the beam with the axis
of the structure.
This sort of experiments could be done with a reduced charge per bunch or less bunches for practical
reasons (less transverse beam size, full transmission through structure). One could have one structure
only installed and therefore more space for the instrumentation.
IV.2 Lattice
The triplets in front of the CTS structures and in between them give a more regular motion for the y
projection than for x motion when transverse wake-field is ‘off’. It was not possible to find a better
solution than the one shown in the paper by changing the forces of the quadrupoles. For example, in
structure CTS 4, the distance of the overall envelope to axis for x is nearly twice the distance for y when
transverse wake-field is off. This explains that, when transverse wake-field is made ‘on’, the x motion
be much more distorted than is the y one.
Conclusions
Beam parameters at the exit of the gun are not known. They largely depend on the laser spot size, shape,
and intensity and on the photo-cathode properties, which were changing with time. Therefore giving the
quadrupoles one of the sets of experimental values was not possible. The focusing was established from
calculated beam parameters at the exit of the gun [4].
Code WAKE was used for following the beam from HCS 1 entry to the compressor, then from the
compressor exit to the end of CTF II.
For the simulation of the wake-fields with 48 bunches of 10 nC to 13.5 nC, a misalignment of 0.5 mm
of the axis of the structures was used systematically as the source of the transverse wake-fields.
The plots show with great detail, which are the slices and bunches responsible for the losses and how
the transmission is affected.
HCS Structures
x The transverse wake-field does not pile up in a constructive way because of its phase in the
succession of bunches (ratio of frequencies close to 4/3).
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x The wake-field gives an increase of the 2 V-envelope diameter (14 mm to 17mm) at the entry
of the first bend of the compressor. The cylindrical aspect of the envelope between the structure HCS2
and the compressor is unchanged. The growth is noticeable, but not large enough to impair the
transmission.
CTS Structures
The focussing obtained with PARMELA [4] by searching for a waist in x and y at the entry of CTS1
was reviewed. First, adequate currents are found for the triplets between the structures. Then the 6
currents of the 2 triplets between compressor and CTS 2 are found by matching the periodic conditions
for the lattice between CTS. The results with the wake-fields can be summarized as follows:
x 8 nC per bunch (384 nC for the train), 4 ‘active’ structures
All the train is transmitted to the monitor at the end. A negligible part of the charge is lost on the last
structure.
x 10 nC per bunch (480 nC for the train)
3 ‘active’ structures
The transmission is good for 3 ‘active’ structures: structure 3 intercepts the tails of many bunches, but
these tails represent a small fraction of the charge.
4 ‘active’ structures
  Structure 3 intercepts a small fraction of the charge, structure 4 more charge. The divergence of the
beam is high at exit of CTS4, causing another important beam loss on the tube, just in front of WCM.
x 13.5 nC per bunch (648 nC for the train)
2 ‘active’ structures
The transmission through 2 ‘active’ structures is high. Bunch head and tail are lost on ‘passive’
structures 3 and 4, but the charge involved is small.
4 ‘active’ structures
Loss is important on structure 4. With the high divergence of the beam after CTS4, high losses occur in
the tube, just in front of the monitor.
Comparing results from simulations with experiments
The experiment shows a linear increase for the converted power with the charge, up to 480 nC, then
saturation, with 4 ‘active’ structures. This result is well reproduced with WAKE, for an offset of the
order expected from the alignment. The convergence of the experiments with the results of the
simulation exhibits the importance of the alignments for obtaining the transmission necessary for the
power conversion.
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